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Abstract 

The measured data on the nuclear modification factor for pions and reconstructed jets as well as on the high-pj- 
elliptic flow at RHIC and LHC energies are compared to results from a linear pQCD and a highly non-linear hybrid 
AdS holographic model of jet-energy loss. We find that the high-pj- ellitic flow requires to include realistic medium 
transverse flow fields and a jet-medium coupling including the effects of the energy of the jet, the temperature of the 
bulk medium, and non-equilibrium effects close to the phase transition. We extend our jet-energy loss model that is 
coupled to state-of-the-art hydrodynamic prescriptions to backgrounds generated by the parton cascade BAMPS. We 
demonstrate that the results for the hydrodynamic and the parton-cascade backgrounds show a remarkable similarity. 
Unfortunately, the results for both the pion and a parton-jet nuclear modification factor are insensitive to the jet-path 
dependence of the models considered. 
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1. Introduction 

One of the formidable tasks in heavy-ion physics is to 
identify a precise understanding of the jet-medium dy¬ 
namics, the jet-medium interactions, and the jet-energy 
loss formalism. Below, we study the influence of the de¬ 
tails of the jet-medium coupling and the medium back¬ 
ground on the simultaneous description of the nuclear 
modification factor {Raa) and the high-pj elliptic flow 
(vz) measured at RHIC and LHC d H 0 H for a ra¬ 
diative pQCD energy-loss ansatz 0. We contrast me¬ 
dia determined via the viscous hydrodynamic approach 
VISH2 h- 1 ||6| with the parton-cascade BAMPS ||7| as 
well as a jet-medium coupling depending on the col¬ 
lision energy with a jet-medium coupling influenced by 
the energy of the jet, the temperature of the medium and 
non-equilibrium effects around the phase transition. 

Besides this, we compare the jet-energy loss based 
on radiative pQCD 0 with the Hybrid AdS energy-loss 
ansatz of Ref. 0. We contrast the pion nuclear modi¬ 
fication factor obtained via the radiative pQCD-energy 
loss 0 and the Hybrid AdS energy-loss ansatz with a 
parton-jet nuclear modification factor that can be con¬ 


sidered as an idealized LO Jet Raa at RHIC and LHC 
energies. 

The pQCD-based energy loss model studied is 
parametrized as 0 

g , (1) 

with the jet-energy dependence a, the path-length de¬ 
pendence z, and the energy dependence c. In the fol¬ 
lowing, the jet-medium coupling k will depend either on 
the collision energy k - k{ or the energy of the 

jet and the temperature of the background medium con¬ 
sidered K - k(E^, T). The jet-energy loss fluctuations 
are distributed via {q + 2- Qi, allow¬ 

ing for an easy interpolation between non-fluctuating 
- 1), uniform Dirac distributions and distribu¬ 
tions increasingly skewed towards small ^q>-\ < 1. 

The jets are spread according to a transverse initial 
profile specified by the bulk flow fields given by the 
VISH2-I-1 and BAMPS backgrounds considered 0|71. 

On the other hand, the jet-energy loss of the Hybrid 
AdS energy-loss ansatz 0 is based on falling strings 
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Figure 1: The pion nuclear modification factor for central (left panel) and mid-central (middle panel) collisions at RHIC (black) and LHC (red) as 
well as the high-p 7 pion elliptic flow for mid-central events (right panel). The measured data (UElllIl is compared to a pQCD-based energy loss 
dEjdr = k{ yjspji^)E^T^e^^^^QVf, including jet-energy loss fluctuations (^o) and transverse flow fields (vy), for a jet-medium coupling that depends 
on the collision energy {k = k{ yfs^)) applying the hydrodynamic backgrounds of VISH2+1 (6) (solid lines) and the parton cascade BAMPS (7) 
(dashed-dotted lines). 


0 where 

\ dE A 1 

- , (2) 

tin dx n X , 2 2 

y 4op - 

The initial jet energy is given by and the string stop¬ 
ping distance for quark and gluon jets is determined via 
■^stop - with the jet-medium coupling 

/Csc = /Csc for quarks and = /CscCCa/Cf)'^^ for gluons, 
including the respective Casimir operators Ca and Cf. 

This energy loss ansatz has been integrated into our 
existing model 0. Please note that Ref. ||8l uses natural 
units, h-c- 1. For a direct comparison, we quote our 
results below using a dimensionless coupling. 

The main differences between the two energy-loss de¬ 
scriptions is the square-root dependence that leads to the 
formation of a Bragg peak with the explosive burst of 
energy close to the end of the jet’s evolution. There have 
been discussions in literature Eiiiniiii] on the impact of 
the Bragg peak. In line with previous findings col we 
will show below that there is a difference between the 
Hybrid AdS energy-loss ansatz featuring a Bragg peak 
and the pQCD model without a Bragg peak, however, 
this difference is only marginal. 

2. Results and Discussion 

Fig.[T] shows the pion nuclear modification factor 
{Raa) for central (left panel) and mid-central (middle 
panel) collisions at RHIC (black) and LHC (red) as 
well as the high-pj- elliptic flow (V 2 ) for mid-central 
events (right). The measured data C] H13 1 is com¬ 
pared to the pQCD-based energy loss of Eq. 0 with 
(a - Q,z - I, c = 3/4). Jet-energy loss fluctuations 


(^ 0 ) and the transverse expansion of the background 
flow (vf) are included, as well as a running jet-medium 
coupling that depends on the energy of the collision, 
k{ ^/sZN)■ 

Fig. [T] demonstrates that there is a surprising similar¬ 
ity between the results that cannot be expected a pri¬ 
ori given the fact that the two background media are 
so different; While the hydrodynamic description of 
VISH2-I-1 161 assumes an equilibrated system, the par- 
ton cascade BAMPS 0 also includes non-equilibrium 
effects in the bulk medium evolution. 

In addition, the figure exhibits the so-called high- 
Pt V 2 -problem 0: The high-pr elliptic flow below 
Pt- ~ 20 GeV is about a factor of two below the mea¬ 
sured data 013011. This effect has been discussed 
in literature 0113 in and recently it has been sug¬ 
gested by CUJET3.0 m that a temperature and energy- 
dependent jet-medium coupling K - k{E^, T), which in¬ 
cludes non-perturbative effects around the phase transi¬ 
tion of Tc ~ 160 MeV, can overcome this problem. 

This jet-medium coupling was derived from the 
DGLV gluon number distribution ifH and is given by 
the analytic formul 

k{E\T) = al{E^)xT{fl+fEfWlE^) 

-{^-XT){fM+flfWlE^). (3) 

It includes a running coupling as(E^) = l/(c - 1 - 
9/47r log(E^/T^)) with c - 1.05, the Polyakov-loop 
suppression of the color-electric scattering ca viaxr - 
CqL + Cgl} with pre-factors Cq, Cg for quarks and gluons, 
and the Polyakov loop L < 1 as parametrized from lat¬ 
tice QCD, as well as an enhancement of scattering due 
to the magnetic monopoles near the critical temperature 
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Figure 2: The pion nuclear modification factor for central (left panel) and mid-central (middle panel) collisions at RHIC (black) and LHC (red) 
as well as the high-pr pion elliptic flow for mid-central events (right panel). The measured data (DEOID is compared to a pQCD-based energy 
loss dEldr = K(E'^,T)E^T^e^^‘^^oVf, including jet-energy loss fluctuations (^o) and transverse flow fields (vy), for a jet-medium coupling that 
depends on the energy of the jet, the temperature of the medium, and non-equilibrium effects around the phase transition {k = k{E^, T)) applying 
the hydrodynamic backgrounds of VISH2+1 O (solid lines) and the parton cascade DAMPS (7) (dashed-dotted lines). For comparison, we include 
the results of CUJET3.0 fill (dotted lines). 


Tc also derived from lattice QCD lfT6ll . This tempera¬ 
ture and energy-dependent jet-medium coupling shows 
an effective running as it decreases with temperature. 

We included the above jet-medium coupling k - 
k(E^, T) in our jet-energy loss approach Is). The re¬ 
sult is shown in Fig. again for the hydrodynamic 
background VISH2-I-1 (solid lines) and a medium de¬ 
termined via the parton cascade BAMPS (dashed lines). 
For comparison, we depict the results from CUJET3.0 

ca. 

As in Fig. [T] the ion nuclear modification factor 
is well described both at RHIC and LHC. The high- 
Pt elliptic flow, however, increases drastically below 
Pt ~ 20 GeV as compared to Fig. especially for 
the BAMPS background which already includes non¬ 
equilibrium effects I?]. 

Finally, we compare results from the linear pQCD 
approach of Eq. Q with the highly non-linear hybrid 
AdS holographic model of jet-energy loss, see Eq. 0. 
We compare the pion nuclear modihcation factor and an 
idealized LO Jet R^a given by 


LO Jet Raa - 


do-gipr) + Raa do-qipr) 
do-gipr) + da-qipr) 


(4) 


Naturally, this LO Jet Raa represents a reconstructed jet 
with vanishing cone radius and is only a lower bound 
for the NLO Jet Raa with jet-cone radii R > 0. 

Eig.j^shows this comparison at LHC (left) and RHIC 
(right) energies for two different jet-medium couplings 
that are treated as constants; A larger one (red) htted to 
the pion Raa data (dashed-dotted lines) at RHIC and a 
lower one (blue) fitted the pion Raa data at LHC. 

To guide the eye, we include the reconstructed Jet 


Raa from CMS QT) with R = 0.3 in Eig. The solid 
blue lines for the LO Jet Raa in the left panels of Eig. 
lie in the same ballpark as the experimental data. Erag- 
menting this result to pions (dashed-dotted lines) leads 
to an Raa that reproduces the measured pion nuclear 
modihcation factor at LHC. A straight extrapolation of 
this results to RHIC energies shows that the LO Jet Raa 
for the same jet medium couplings lie on top of the mea¬ 
sured pion nuclear modihcation factor. However, frag¬ 
menting this result to pions leads to a R’^^ that is larger 
than the measured data at RHIC. 

Larger jet-medium couplings (red lines), on the other 
hand, describe the pion nuclear modihcation factor at 
RHIC for the pQCD scenario and the LO Jet Raa at LHC 
is again close to the experimental data. The pion nuclear 
modihcation factor at LHC, however, only touches the 
lower bound of present error bars. In case of the Hybrid 
AdS energy loss the results always only touch the lower 
end of the experimental error bars. 

Eig. demonstrates that the results for the pQCD 
and the Hybrid AdS energy-loss including a Bragg peak 
are remarkably similar. Thus, unfortunately, neither the 
pion nor a LO Jet Raa are sensitive to the difference in 
the path-length between pQCD and AdS models. 


3. Conclusions 

We compared the measured data on the nuclear mod¬ 
ihcation factor for pions and reconstructed jets as well 
as on the high-pj- elliptic how at RHIC and LHC ener¬ 
gies to results obtained by a linear pQCD and a highly 
non-linear hybrid AdS holographic model of jet-energy 
loss. We found that the simultaneous description of the 
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Figure 3: Compaiison of the pion nuclear modification factor (dashed-dotted lines) and a LO Jet Raa (solid lines) calculated via a radiative 
pQCD-like energy-loss ansatz given by dEjdr = (upper panels) with a constant jet-medium coupling and the hybrid strong/weak 

string energy-loss ansatz of Ref. (lower panel) at LHC (left) and RHIC (right) energies for larger (red) and lower (blue) jet-medium couplings 
compared to the measured data (aiiini- 


Raa and V 2 requires a jet-medium coupling that depends 
on the energy of the jet, the temperature of the medium 
Eiiia, and non-equilibrium effects around the phase 
transition. We also contrasted a hydrodynamic back¬ 
ground (VISH2-H1) El with a medium obtained from 
the parton cascade BAMPS Q and showed that the in¬ 
fluence of the underlying bulk medium considered is 
suprisingly small. Unfortunately, neiter the pion nor the 
LO Jet Raa are sensitive to the difference in the path- 
length between pQCD and AdS models. 
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